Introduction
Left ventricular dysfunction (LVD) is characterized as a left ventricular ejection fraction (EF) below one-half of the systolic capacity of the left ventricle. Patients on hemodialysis have 10-30 times the risk of LVD than that of the general population. [1] [2] [3] Recent literature has shown a correlation between cardiovascular disease (CVD) and chronic kidney disease (CKD), and how often they coexist. 2 In patients with CKD, 74% have left ventricular hypertrophy at the beginning of dialysis, and it is considered to be the most common cardiac finding in those patients.
Dovepress

464
albeshri et al sis have up to 20 times higher mortality risk than the rest of the population. [5] [6] [7] [8] In patients with CKD, the morbidity and mortality of CVD are abnormally high in all stages of CKD, with a predominance of 80%. 6, 9 Patients with LVD are more prone to comorbidities, such as high blood pressure, diabetes mellitus (DM), anemia, and a low body mass index. [1] [2] [3] In dialysis patients, there are multiple risk factors that lead to CVD and contribute to the prognosis. Some of these risk factors include advanced age, systemic hypertension (HTN), DM, proteinuria, obesity, cigarette smoking, and the risk factors associated with renal impairment. DM and cigarette smoking have worsening effects on dialysis patients, with DM being shown to decrease the survival rate and increase the hospitalization rate among those patients. [1] [2] [3] 6, 9 When comparing heart failure (HF) and low EF (<40%) patients, those who were on dialysis were less likely to receive guideline-directed therapy when compared with those with no renal impairment. 10 In LVD patients receiving hemodialysis, it is important to determine the impact of these risk factors on the prognosis, clinical outcome, survival rate, and prevalence of morbidity and mortality associated with this disease. Future guidelines and protocols dealing with this group of patients must be designed to improve the outcome and survival among those patients. For this research, our aim was to assess the clinical characteristics, comorbidities, hospitalization rate, and outcomes among hemodialysis patients with LVD compared with normal EF patients in the King Abdulaziz University Hospital (KAUH) Hemodialysis Unit in Jeddah, Saudi Arabia.
Patients and methods study design and participants
We conducted this hospital-based retrospective cohort study at the Department of Medicine in the KAUH Hemodialysis Unit between November 2016 and September 2017 using the electronic-based patient records.
All patients ≥18 years old, who started hemodialysis therapy at KAUH between January 2011 and December 2011, were identified using the hospital information system and medical records of the hemodialysis unit. The patients were then divided into three groups according to their EF results prior to starting hemodialysis as patients with EF <40%, EF between 40% and 49%, and EF ≥50%. Patients were then followed for 5 years by reviewing their hospital records to assess their outcomes, hospital admissions, and length of hospital stay (LOS).
Variables and data measurements
Using a standardized and pretested data extraction sheet, we collected data from the electronic hospital records and hemodialysis unit registry. The following data were extracted: age, gender, nationality, DM history, ischemic heart disease (IHD) (one or more vessels disease on coronary angiography), dyslipidemia, body mass index, height, weight, cause of end-stage renal disease, number of hospital admissions over the study period, mean LOS per visit, intensive care unit (ICU) stay, echocardiography results before starting dialysis therapy, mortality, and time to death in months. Left ventricular EF was assessed for all patients by certified, well-trained echocardiography technicians prior to the initiation of dialysis. The procedure and results were supervised, reported, and verified by a consultant in cardiology. The primary outcomes were mortality and time from the index visit to death. Secondary outcomes include mean LOS in each visit, ICU stay, and the total number of readmissions over the study period. Important demographic variables were identified a priori for inclusion as covariates (namely, age, sex, DM history, IHD, dyslipidemia, body mass index, and cause of end-stage renal disease).
Statistical methods
We used percentages to represent the categorical data. If the numerical data were normally distributed, we used the mean and SD, but we used the median and IQR if not. A chi-squared test was used when comparing the categorical variables. The Kruskal-Wallis test was used for the numerical variables. Correlations were done to examine the relation between numerical variables. Kaplan-Meier analysis was used to assess survival in all groups. To adjust for potential confounding variables, multiple logistic regression models were constructed. IBM SPSS Statistics for Windows, version 21.0 (IBM Corporation, Armonk, NY, USA) was used, and for all the statistical tests, a P-value of <0.05 was defined as the level of significance.
Ethical considerations
Ethical approval was obtained from the Department of Bioethics at KAUH. The requirement to obtain written informed consent from each patient was waived because this was an observational retrospective study. All patients' information were confidential, and data were analyzed anonymously.
Results
The analysis included 333 patients who were receiving hemodialysis. Of these, 257 patients had EFs ≥50%, 36 had EFs of 40%-49%, and 40 had EFs <40%. The age was significantly higher in patients with EFs <50% when compared with those with EFs ≥50% (P=0.002). The proportion of males varies across the groups too (Table 1) .
With regard to the comorbidities, 92.5% (N=37) and 86.1% (N=31) of patients with EFs <40% and EFs of 40%-49%, respectively, had one or more comorbidities when compared with only 69% (N=177) of patients with EFs ≥50% (P<0.001). DM was prevalent in 70% of patients with EFs <40% and 53% of patients with EFs of 40%-49% when compared with only 31% of those with EFs ≥50% (P<0.001). HTN was also more prevalent in patients with EFs <50%; 88% (N=35) of patients with EFs <40%, 81% of those with EFs of 40%-49%, and only 63% (N=163) of those with EFs ≥50% had HTN (P=0.002; Table 1 ).
When comparing the mortality, 50% (N=20) of patients with EFs <40% and 44% (N=16) with EFs of 40%-49% died when compared with 27% (N=68) of patients with EFs ≥50% (P=0.002) ( Table 2 ). The median number of admissions in patients with EFs <40% was 2.5 (IQR =7), while in patients with EFs of 40%-49% it was 2 (IQR =6) compared with 2 (IQR =5) in patients with EFs ≥50% (P=0.409). However, the average length of the stay between the three groups was significantly different (P=0.007) ( Table 2 ). The number of ICU admissions showed a statistically significant difference between the three groups (P=0.013) ( Table 2) .
When comparing echocardiographic parameters before starting hemodialysis among the three groups, left atrial size was significantly different among the three groups (P<0.001), and it shows that the lower the EF in the classification, the larger the atrial size. The same findings are also observed in the left ventricular size, which was also significantly different among the three groups (P<0.001). However, fractional shortening decreases with lower EF, and it is statistically different between the groups (P<0.001) ( Table 3) .
When correlating echocardiographic parameters with number of hospital admissions, EF was negatively correlated to number of admission (corr. coeff. When comparing echocardiographic parameters before the initiation of hemodialysis and the mortality in our patients, EF before the initiation of hemodialysis was significantly lower in patients who died within the study period (P<0.001). Fractional shortening was also significantly lower in patients who died. However, left atrial and ventricular sizes show no significant difference (Table 4) .
In the logistic regression model for death, the age was significantly associated with mortality with an OR of 1.035 (95% CI =1.004-1.068) (P=0.027). DM had an OR of 2.270 (95% CI =0.795-6.482) (P=0.126), and ICU admission was significantly associated with increased mortality with an OR of 15.983 (95% CI =6.057-42.175) (P<0.001; Table 5 ).
Kaplan-Meier survival analysis was done to examine the survival among the three groups according to their EF. However, there was no statistically significant difference in the survival time in months among the three groups (P=0.845) (Figure 1 ). Number of patients at risk over time is presented in Table 6 .
The associations between the number of admissions and the other variables were examined using linear regression. The only significant factor was that of the left ventricular size, which was negatively correlated (β=−0.226) with the number of admissions (P=0.043; Table 7) .
A linear regression was also estimated for average length of stay in each admission. The ICU admissions were posi- 
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hospitalization rate and outcomes in hemodialysis patients with lVD tively correlated and associated with an increased length of stay (β=0.332) (P<0.001). The other variables showed no significant correlations (Table 8) .
Discussion
In our study, we compared the characteristics and hospitalization rates of dialysis patients based on their EFs. Those with EFs >50% were considered to be the control group, and those with EFs <40% and EFs of 40%-49% were considered to be the cases. Among the patients with EFs <40% and EFs of 40%-49%, there was an increased mortality rate when compared with the control group (50%, 44.4%, and 26.5%, respectively). Our findings are supported by numerous previous studies, 2,3 which showed that HF patients with low EFs associated with renal failure requiring dialysis had higher morbidity and mortality rates when compared with those without HF. 11 This can be explained by the notion that with the increased duration of ERSD, changes may affect the cardiovascular system, like uremic pericarditis, and the serum calcium can affect both the blood vessels and the myocardium. This may eventually lead to the development of HF or a low EF, which some studies have shown to be risk factors for increasing the mortality rate among dialysis patients. 2, 12 However, the effect of EF on time to mortality in 5 years showed no significant difference between the three group, which may indicate that EF alone has minimal effect on time to mortality and other factors (demographics and comorbidities) must be taken under consideration when assessing time to mortality and improving the outcomes in those patients. Our result also demonstrated that patients with EFs <50% do indeed have a worse prognosis than those with EFs ≥50%. Although our present study did not show any significance in the multivariate analysis, this could be explained by the small sample size.
Only advanced age was found to be an independent risk factor for mortality in dialysis patients in our study. DM, HTN, dyslipidemia, and IHD were not significantly associated with mortality. It is worth noting that the lower the patients were in the classification, the higher the prevalence of the abovementioned comorbidities, which may reflect their poor cardiovascular profile. These findings are contradictory to many studies, 3, 5, 8 which shows that DM and IHD, in addition to smoking and advanced age (a finding supporting one of our results), were associated with an increased mortality in those patients. The results of another previous study were consistent with ours with regard to age being a risk factor for mortality. 13 A possible explanation for this diversity may be the sample size differences between our study and others, as their studies were larger. Additionally, we cannot exclude the potential variability present between different ethnicities and countries. 14 These differences may shed some light on how different ethnicities have different risk factors, which may become an interesting topic to explore in the future. One interesting finding in one study was that HTN was associated with lower mortality among patients on dialysis
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albeshri et al therapy. 8 However, another study stated that HTN increased the mortality in dialysis patients. 15 This disparity in the findings can be attributed to the differences in the populations studied, both in terms of the characteristics and number of centers included in other studies. According to the Hemodialysis (HEMO) Study, the most common cause of death in dialysis patients was of cardiac origin, amounting to 39.4% of the allcause death in the population under study. 6 Another interesting finding in this study was the effect of using high flux dialyzer (the membrane is larger, to allow for the filtration of larger molecules) on decreasing cardiac cause of death. Another interesting finding regarded the effects of using a high-flux 
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hospitalization rate and outcomes in hemodialysis patients with lVD dialyzer (the membrane is larger to allow for the filtration of larger molecules) on decreasing the cardiac cause of death. 16 In addition, it was found that with the use of high-flux dialyzer, there was a decrease in incidence of cardiac hospitalization. Unfortunately, in our study, the only type of dialyzer in our hospital is the low-flux type. As such, a comparison could not be made. This could shed some light on the importance of the type of dialyzer used in patients with LVD. The number of ICU admissions was significantly higher in patients with EFs <40% and EFs of 40%-49% than in the control group (57.5%, 52.8%, and 36.6%, respectively). This can be explained by the fact that patients with low EFs are less likely to tolerate stressors, like fluid overload, uremic pericarditis, and electrolyte imbalances. The number of ICU admissions was also found to be an independent risk factor increasing both the mortality and the length of stay in our patients. This finding is supported by multiple studies, 17, 18 one of which shows that ERSD patients have a relative risk of death over the long term of 2.23 after admission to the ICU when compared with those ERSD patients without ICU admissions. In addition, that study found that age, HF, and DM were risk factors for the 90-day mortality. 18 One point that should be mentioned is that patients requiring dialysis may be more likely to be admitted to the ICU, either due to their vulnerability to infections 19 or vascular access-associated complications. 20 Thus, their condition may worsen, necessitating an admission to the ICU. An interesting finding was that the patients with EFs of 40%-49% had longer LOS in each admission when compared with those with EFs <40%, which is contradictory to the results of other studies. [21] [22] [23] However, in the multivariate regression, the EF level did not show a significant association with the LOS. Further studies with larger sample sizes are needed to confirm the outcomes in this understudied group of hemodialysis patients.
The duration and frequency of dialysis treatments per week are highly associated with both the morbidity and mortality risks in those patients, as shown by previous research. Daily home dialysis and in-center dialysis have similar hospitalization risks, with the distinction that daily home hemodialysis has a lower risk of cardiovascular-related admissions in contrast to in-center dialysis. However, there is a higher risk of infection-related admissions. 24 A systemic review and meta-analysis of randomized controlled trials was conducted revealing that every year between 10% and 20% of all dialysis patients die, with ~45% of these deaths being due to underlying cardiovascular causes. 25 One study conducted in 2001 showed that HF exhibited a higher increase in the risk of hospitalization in Caucasian patients by 16% when compared with African-American patients in which it was only 8%. 14 This study did have some limitations; for example, it was conducted in only one center. In addition, it had a relatively small sample size when compared with other studies, and we lacked the specific causes of mortality in our patients. It may be interesting if the patients receiving hemodialysis were compared with those receiving peritoneal dialysis in terms of the EF under the same classification. Moreover, a study that encompasses most major centers in the region would exhibit a better representation of this population. However, our study is one of the first study to assess the mortality and outcomes in patients with LVD on hemodialysis in the region and in this specific population, which might further help in improving the guidelines and practice recommendations in patients with LVD on hemodialysis.
Our study demonstrated that a low EF can affect both the mortality and morbidity rates in patients receiving hemodialysis. In addition, advanced age and ICU admission were found to be independent risk factors for mortality in these hemodialysis patients.
Conclusion
Patients with LVD receiving hemodialysis have increased risks of mortality and morbidity when compared with those with normal EFs. The hospitalization rate showed no difference in those patients receiving hemodialysis with low and normal EFs. However, the LOS increased with a low EF. Advanced age and ICU admission were found to be independent risk factors for increased mortality and morbidity in these dialysis patients. A future prospective study with larger sample size is recommended to further study this group of patients and develop future guidelines and practices to improve the outcomes of patients with LVD and low EF. The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of reviews, original research and clinical studies across all disease areas.
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